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Perioperative risk factors for osteoporosis after
radical gastrectomy for gastric cancer

Hyun-Jae Lee', Hye Seong Ahn?" and Dong-Seok Han?

Abstract

Background Osteoporosis, a frequent complication of gastrectomy, increases with age, and the average age of
gastric cancer patients continues to rise. This study aims to analyze perioperative factors of osteoporosis after radical
gastrectomy.

Materials and methods This retrospective cohort study included patients who underwent dual-energy-X-ray
absorptiometry after gastrectomy due to gastric cancer between 2016 and 2019 at Seoul Boramae Medical Center.
Data were analyzed from before surgery to 12 months after surgery. Statistical analyses identified osteoporosis risk
factors among perioperative factors.

Results Among 189 patients, osteoporosis was diagnosed in 72 patients and peaked at 36 months postoperatively
(46.3%; 24 out of 54) with the lowest mean T score of -3.34 although Ca and vitamin D supplements were prescribed
to 157 patients (83.1%) on average 32.4 months postoperatively. In multivariate analysis, age (P=0.002; Adjusted OR:
1.059, 95% Cl: 1.020-1.098), body weight (P=0.009; Adjusted OR: 0.950, 95% Cl: 0.914-0.987), sex (P=0.021; Adjusted
OR: 2.322,95% Cl: 1.138-4.739), and serum ALP (P=0.009; Adjusted OR: 1.023, 95% Cl: 1.006—1.040) were significant
preoperatively. Additionally, age (P=0.005; Adjusted OR: 1.067, 95% Cl: 1.020-1.116), serum Ca (P=0.046; Adjusted OR:
0.357,95% Cl: 0.130-0.980), Cr (P=0.003; Adjusted OR: 0.021, 95% Cl: 0.002-0.268), and ALP (P=0.014; Adjusted OR:
1.017,95% Cl: 1.003-1.030) were observed significantly at 12 months postoperatively.

Conclusions 38.1% of patients were diagnosed with osteoporosis after radical gastrectomy, despite Ca and vitamin
D supplements. Age, body weight, sex, serum Ca, Cr, and ALP correlated with osteoporosis perioperatively.

Keywords Osteoporosis, Gastrectomy, Gastric cancer, Risk factor, Alkaline phosphatase, Calcium

Background

According to the National Cancer Information Center

in Korea, the incidence of stomach cancer was 55.3 per

100,000 people in 2021. Despite a steady decline, it was

still the fourth-highest incidence among Koreans [1].

Additionally, stomach cancer was the fifth most com-
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2021, the proportion of gastric cancer patients aged over
70 increased from 9.1% in 1995 to 28.8% in 2019 [4].

It is important for cancer patients to return to their daily
lives after surgical treatment and to prevent complica-
tions such as weight loss, acid reflux, anemia, and brittle
bones [5, 6]. Osteoporosis, a condition characterized by
brittle bones, is one of the chronic complications in stom-
ach cancer patients [7]. Due to the bypass of food and
reduced absorption time after gastrectomy, the absorption
of many nutrients, particularly calcium and vitamin D, can
be impaired [8]. Lim JS et al. reported that the prevalence
of osteoporosis in gastric adenocarcinoma patients aged
over 50 years was 39.6%, with the osteoporosis rate of the
lumbar spine being 29.8% in males and 54.5% in females
[9]. Therefore, as the number of elderly gastric cancer
patients increases, the number of gastric cancer patients
with osteoporosis as a complication is also likely to rise.

Previous studies have reported age, sex, preoperative
BMI, weight loss after surgery, and preoperative levels
of alkaline phosphatase and creatinine as risk factors
[10-12]. However, most of these risk factors are preop-
erative, and postoperative factors, such as weight change
after surgery or blood chemistry tests, have not been ade-
quately considered.

Furthermore, previous studies have shown that low
socioeconomic status is associated with osteoporo-
sis [13, 14], but no study has investigated the relation-
ship between socioeconomic status and osteoporosis in
patients who have undergone gastrectomy.

Thus, this study aims to identify the risk factors asso-
ciated with the development of osteoporosis following
gastrectomy, including postoperative factors and socio-
economic status, at Seoul Boramae Medical Center, a
hospital that serves medically vulnerable populations.
And this study investigates the risk factors associated
solely with gastrectomy for gastric cancer, excluding
factors that may contribute to secondary osteoporosis,
such as Cushing’s syndrome, hyperparathyroidism, thy-
rotoxicosis, severe liver cirrhosis, renal failure requiring
dialysis, rheumatoid arthritis, hematologic diseases, and
patients on steroids or hormone replacement therapy
[15-22].

Materials and methods

Study population

The study enrolled patients who underwent gastrec-
tomy for gastric cancer, excluding those who had pal-
liative surgery, from January 1, 2016, to December 31,
2019, at Seoul Boramae Medical Center, and who under-
went dual-energy X-ray absorptiometry (DXA) at least
once. The gastrectomy procedures were performed with
regional lymphadenectomy (D1 plus or D2) accord-
ing to the Korean guidelines for gastric cancer [23]. We
excluded patients who underwent gastrectomy for other
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stomach-origin malignancies, such as gastrointestinal
stromal tumor, leiomyosarcoma, gastric lymphoma, or
gastric neuroendocrine tumor.

The exclusion criteria were as follows: patients who
declined to undergo DXA or were lost to follow-up
before receiving a DXA recommendation, patients who
experienced relapse during the follow-up period, patients
who underwent remnant gastrectomy, patients diagnosed
with osteoporosis before gastrectomy, patients diagnosed
with Cushing’s syndrome, hyperparathyroidism, thyro-
toxicosis, severe liver cirrhosis (Child-Pugh grade>B)
[24], renal failure requiring peritoneal dialysis or hemodi-
alysis, rheumatoid arthritis, or hematologic diseases (e.g.
multiple myeloma, systemic mastocytosis, thalassemia,
hemophilia, sickle cell disease, monoclonal gammopathy,
and pernicious anemia), patients who underwent gas-
trectomy for other stomach-origin malignancies, such
as gastrointestinal stromal tumor, leiomyosarcoma, gas-
tric lymphoma, or gastric neuroendocrine tumor, and
patients on steroids or hormone replacement therapy.

Calcium and vitamin D supplements were administered
based on specific criteria. One tablet of Dicamax D°(Ca
carbonate 263.15 mg/cholecalciferol 10 mg, Dalim Bio-
Tech, Republic of Korea) or CAL-D3 °(Ca citrate hydrate
480 mg/cholecalciferol 10 mg, Iworld Pharm, Republic of
Korea) was administered when serum Ca<9 mg/dL or vita-
min D<20 ng/mL or osteopenia was identified. One tablet
of Dicamax 1000°(Ca carbonate 1315.78 mg/cholecalcif-
erol 10 mg, Dalim BioTech, Republic of Korea) or 2 tablets
of Wondercal D*(Ca citrate 850 mg/cholecalciferol 5 mg,
Chongkundang, Republic of Korea) was administered
when serum Ca<8.7 mg/dL or osteoporosis was deter-
mined, or if serum calcium levels remained under 9 mg/dL
after 6 months of Dicamax D or CAL-D3 administration.

Osteoporosis drugs were administered if the patient
agreed after diagnosis of osteoporosis.

This study was approved by the ethics committee
of the institutional review board (approval number:
10-2018-62-071).

Data collection
We collected a variety of data, including age at gastrec-
tomy, sex, height, body weight, preoperative blood chem-
istry tests, and several records encompassing the type of
operation (distal gastrectomy [DG], proximal gastrec-
tomy [PG], pylorus-preserving gastrectomy [PPG], or
total gastrectomy [TG]), tumor stage, the presence of
hypertension and diabetes mellitus, and whether adju-
vant chemotherapy was administered. Postoperative
complications were classified using the Clavien-Dindo
classification (grade>2) [25].

Postoperative records included body weight, body mass
index (BMI), and blood chemistry tests measured for up
to 12 months.
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Blood chemistry tests from peripheral blood samples
were acquired and assessed for serum albumin (Alb),
cholesterol, blood urea nitrogen (BUN), creatinine (Cr),
hemoglobin (Hb), calcium (Ca), phosphorous (P), alka-
line phosphatase (ALP) and vitamin D.

The socioeconomic status was categorized into two
groups based on the medical security type: the high-
income group which is composed of patients covered
by the insurance system that belonged to the National
Health Service, and the low-income group which consists
of those covered by the medical benefits system [26].

Bone mineral density (BMD) measurement

Bone mineral density (BMD) was measured at the lumbar
spine, femoral neck, and total hip using dual-energy X-ray
absorptiometry (DXA) (GE Prodigy; Lunar Radiation,
Madison, W1, USA). The T-score (g/cm®) was defined as
the absolute value relative to that of young adults. Osteo-
porosis was defined as a T-score less than —2.5 standard
deviations (SD), and osteopenia was diagnosed if the
T-score fell within the range of -1.0 to -2.5 SD, based on
the criteria of the World Health Organization.

Patients were advised to undergo DXA once a year,
and the procedure was conducted if they consented.
DXA scans were generally initiated starting 1 year post-
operatively. However, if there were results from scans
performed within the first postoperative year due to
necessity by other departments or as part of a health
check-up, those results were also included in the analysis.
The minimum imaging interval was 2 years for patients
with normal BMD and 1 year for those diagnosed with
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osteoporosis or osteopenia. All DXA scans obtained up
to 84 months after surgery were included in the analysis.

Statistical analysis

A comparison was performed between the group with
osteoporosis and the group without osteoporosis during
the follow-up period. The minimum observed T-score
was also recorded and used for analysis. Osteoporosis
diagnosed within 12 months after gastrectomy can be
from other reasons, not only gastrectomy. Therefore, we
additionally investigated risk factors for patients who got
osteoporosis after 12 months after gastrectomy.

We used the Students t-test or Mann-Whitney U
test to analyze the mean values of continuous variables
between the two patient groups. Categorical variables
were compared using Pearson’s chi-square test or Fisher’s
exact test.

Multivariate logistic regression was exploited to evalu-
ate the risk factors associated with osteoporosis after
gastrectomy.

All statistical tests were two-sided unless otherwise
indicated, and a significance level of P-value<0.05 was
adopted. All analyses were performed using SPSS ver-
sion 29.0 (IBM, Armonk, New York, USA) and statistical
power was calculated with R environment (version 4.4.1,
Vienna, Austria).

Results

Osteoporosis rates and T score obtained from DXA

In total, 189 patients were included in the analyses after
patient enrollment. (Fig. 1) Table 1 presents the clinical

n=2534

Patients who underwent gastrectomy due to gastric cancer

Excluded cases
Patients who didn’t undergo or refused DXA n = 286
Recurred tumor n = 13
Remnant gastrectomy n = 6
Specific medical conditions (Cushing’s syndrome,
Hyperparathyroidism, thyrotoxicosis, severe liver
cirrhosis, renal failure requiring dialysis, rheumatoid
arthritis, hematologic disease ) n = 21
Palliative surgery n =3
Diagnosed with osteoporosis before gastrectomy n = 12
Diagnosed with osteoporosis in a local hospital after
gastrectomy and didn’t have any results of DXAn = 4

Patients enrolled in this study
n=189

Fig. 1 Flow chart of patient enrollment
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Table 1 Clinical characteristics of the study population (n=189)

Variable Mean (SD) or N (%)
Age (years) 65.5 (10.3)
SEX

male 125 66.1)

female 64 (33.9)
Preoperative weight (kg) 63.1 (10.6)
Preoperative BMI (kg/m?) 24.2 (3.5)
Socioeconomic status

high-income group 170 (89.9)

low-income group 19 (10.1)
HTN

No 97 (51.3)

Yes 92 (48.7)
DM

No 146 (77.2)

Yes 43 (22.8)
Preop Lab

Hb (g/dL) 132 (1.9

Alb (g/dL) 41 03)

Cholesterol (mg/dL) 1752 (35.7)

BUN (mg/dL) 14.1 (5.0)

Cr (mg/dL) 0.82 0.22)

Ca (mg/dL) 89 (04)

P (mg/dL) 35 (0.6)

ALP (IU/L) 739 (20.8)

vit D (IU) 18.1 (12.5)
Type of operation

DG 135 (71.4)

TG 20 (10.6)

PG 11 (5.8

PPG 23 (12.2)
Postop CTx

No 149 (78.8)

Yes 40 (21.2)
Stage

| 140 (74.1)

Il 29 (153)

Il 20 (10.6)
Postop complication

Clavien-Dindo class < 2 166 (87.8)

Clavien-Dindo class > 2 23 (12.2)

HTN: hypertension; DM: diabetes mellitus; Alb: albumin (n=185); cholesterol
(n=176); BUN: blood urea nitrogen; Cr: creatinine; Hb: hemoglobin; Ca: calcium;
P: phosphorous; ALP: alkaline phosphatase; vit D: vitamin D (n=26); DG: distal
gastrectomy; TG: total gastrectomy; PG: proximal gastrectomy; PPG: pylorus-
preserving gastrectomy; CTx: chemotherapy

characteristics of the study population who underwent
gastrectomy for gastric cancer.

A total of 72 patients (38.1%) were diagnosed with
osteoporosis, while 91 patients (48.1%) were diagnosed
with osteopenia. Osteoporosis was first diagnosed at an
average of 29.3 months postoperatively, and 55 patients
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were administered osteoporosis medication, on average,
38.75 months after surgery. Calcium and vitamin D sup-
plements were prescribed to 157 patients (83.1%) for an
average of 32.4 months. Among them, 70 patients were
diagnosed with osteoporosis.

Figure 2 indicates the proportion of patients diagnosed
with osteoporosis, osteopenia, or normal over time. Fig-
ure 3 shows the average T score between those diagnosed
with osteoporosis, osteopenia, or normal over time.
Notably, at 36 months after follow-up, the proportion of
osteoporosis patients peaked (46.3%; 24 out of 54) and
the average T-score of osteoporosis patients reached its
lowest value (the mean of T-score = -3.34).

Comparison of factors associated with osteoporosis after
gastrectomy

Table 2 shows the preoperative risk factors associated
with osteoporosis after gastrectomy. Age (P<0.001) and
preoperative ALP (P=0.003) were significantly higher in
the osteoporosis group. Preoperative body weight was
significantly lower in the osteoporosis group (2<0.001).
In addition, sex was associated with osteoporosis signifi-
cantly (P<0.001). Socioeconomic status was not associ-
ated with osteoporosis after gastrectomy.

Among patients diagnosed with osteoporosis, the
majority (28 patients, 38.9%) were first diagnosed with
osteoporosis less than 12 months after surgery. Since
more than half of the patients were diagnosed with osteo-
porosis after 12 months, a univariate analysis of risk fac-
tors at 12 months was performed as shown in Table 3.
According to Table 3, age (P=0.005), body weight
(P=0.020), serum Ca (P=0.003), Cr (P=0.041), Alb
(P=0.016), and ALP (P=0.024) at 12 months after sur-
gery were significant.

Table 4 provides the logistic regression analysis for fac-
tors associated with osteoporosis after gastrectomy. For
comparison, factors with a P-value<0.1 from the data
obtained before and within 12 months after surgery were
included in the multivariate logistic regression analysis.
Before surgery, age (P=0.002; Adjusted OR: 1.059, 95%
CI: 1.020-1.098), body weight (P=0.009; Adjusted OR:
0.950, 95% CI: 0.914—0.987), sex (P=0.021; Adjusted OR:
2.322, 95% CI: 1.138-4.739), and serum ALP (P=0.009;
Adjusted OR: 1.023, 95% CI: 1.006—-1.040) were signifi-
cant. At 12 months after surgery, age (P=0.005; Adjusted
OR: 1.067, 95% CI: 1.020-1.116), serum Ca (P=0.046;
Adjusted OR: 0.357, 95% CI: 0.130-0.980), Cr (P=0.003;
Adjusted OR: 0.021, 95% CI: 0.002-0.268), and ALP
(P=0.014; Adjusted OR: 1.017, 95% CI: 1.003—1.030)
were observed significantly. All results of the statistical
power of the analyses are exhibited in Supplementary
Table 1.
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The changes in bone status ratio
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Fig. 3 The changes in the mean of the T score after gastrectomy in patients with gastric cancer. m: months

Discussion

This study is a retrospective analysis of whether osteopo-
rosis is observed after gastric cancer surgery, exploring
both preoperative and postoperative (up to 12 months)
risk factors. Additionally, the study examined changes
in the proportion and mean T-score of osteoporosis
patients up to 84 months after gastrectomy, confirm-
ing that the number of osteoporosis patients peaked at
36 months. The identified risk factors for osteoporosis
after gastrectomy included advanced age, female sex, and

lower body weight. Furthermore, it was confirmed that
high ALP, low Cr, and low Ca before or 12 months after
surgery could be risk factors.

Our study is consistent with previous research on 250
long-term gastric cancer survivors, followed for approxi-
mately 5 years after gastrectomy [11]. That study reported
that the risk of osteoporosis increased with age, female
sex, high ALP, low BMI, and a weight change of more
than 20% after gastrectomy. In addition, a prospective
study focusing on patients for 3 years after gastrectomy
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Table 2 Preoperative factors associated with osteoporosis after gastrectomy
Variable osteoporosis after gastrectomy
Yes (n=72) No (n=117) Odds Ratio P-value*
Mean (SD)
Age (years) 69.17 (9.0 63.2 10.4) <0.001
Preoperative weight (kg) 59.7 9.6) 64.8 7) <0.001
Preoperative BMI (kg/mz) 239 (3.8) 244 0.273
Preop Lab
Hb (g/dL) 13.07 (1.95) 1333 (1.77) 0.341
Alb (g/dL) 4.04 (0.34) 412 (0.29) 0.100
Cholesterol (mg/dL) 176.5 (36.2) 1786 (35.1) 0.701
BUN (mg/dL) 135 (3.8) 14.6 (5.3) 0.153
Cr (mg/dL) 0.78 (0.20) 0.83 (0.22) 0.091
Ca (mg/dL) 8.86 (0.397) 8.96 (0.447) 0.110
P (mg/dL) 3.58 (0.652) 346 (0.553) 0.180
ALP (IU/L) 80.94 (20.34) 7197 (20.04) 0.003
n (%)
SEX
male 37 (29.6) 88 (70.4) Reference
female 35 (54.7) 29 (45.3) 2.870 (1.538-5.359) <0.001
Socioeconomic status
high-income group 63 (37.1) 107 61.9) Reference
low-income group 9 (47.4) 10 (52.6) 1.529 (0.590-3.964) 0.380
HTN
Yes 33 (35.9) 59 (64.1) 0.832 (0.462-1.498) 0.539
No 39 (40.2) 58 (59.8) Reference
DM
Yes 15 (34.9) 28 (65.1) 0.836 (0.411-1.701) 0.622
No 57 (39.0) 89 61.0) Reference
Type of operation
DG 51 (37.8) 84 62.2) Reference
TG 10 (50.0) 10 (50.0) 1.647 (0.641-4.229) 0.296
PG 5 (45.5) 6 (54.5) 1.373 (0.398-4.728) 0.749t
PPG 6 (26.1) 17 (73.9) 0.581(0.215-1.570) 0.280
Postop CTx
Yes 15 (37.5) 25 (62.5) 0.968 (0.471-1.990) 0.930
No 57 (38.3) 92 61.7) Reference
Stage
| 51 (36.4) 89 (63.6) Reference
I 15 (51.7) 14 (48.3) 1.870 (0.835-4.185) 0.124
I [§ (30.0) 14 (70.0) 0.748 (0.271-2.067) 0574
Postop complication
Clavien-Dindo class < 2 64 (38.6) 102 61.4) Reference
Clavien-Dindo class > 2 8 (34.8) 15 (65.2) 0.850(0.341-2.118) 0.821

*P value for comparisons between two groups according to osteoporosis after gastrectomy

tFisher’s exact test was used

The data enclosed between parenthesis represents the intervals of confidence at 95%. Alb: albumin; BUN: blood urea nitrogen; Cr: creatinine; Hb: hemoglobin;
Ca: calcium; P: phosphorous; ALP: alkaline phosphatase; HTN: hypertension; DM: diabetes mellitus; DG: distal gastrectomy; TG: total gastrectomy; PG: proximal

gastrectomy; PPG: pylorus-preserving gastrectomy; CTx: chemotherapy

confirmed that age, female sex, low BMI, and a history
of fractures are risk factors associated with osteoporosis,
which aligns with the findings of our study [27].

In our study, the maximum proportion and low-
est mean T-score of osteoporosis were observed at
36 months after surgery. Based on this finding, early

prediction is necessary before the incidence of osteopo-
rosis reaches its peak. This result is also similar to that
of a prospective study on changes in bone metabolism in
male patients after gastrectomy, which reported a contin-
uous decrease in T-scores for up to 24 months [28]. How-
ever, another study on the risk prediction of osteoporosis
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Table 3 Postoperative factors associated with osteoporosis 12months after gastrectomy
Variable osteoporosis after gastrectomy
Yes (n=44)* No (n=117) Odds Ratio P-valuet
Mean (SD)
Age (years) 69.23 (8.9) 64.2 (10.4) 0.005
bwt#12 (kg) 56.9 (7.7) 60.3 (84) 0.020
BMI#12 (kg/mz) 222 (3.2) 22.7 (2.8) 0.309
12months postop Lab
Ca#12 (mg/dL) 8.84 (0.396) 9.06 (0413) 0.003
P#12 (mg/dL) 3.72 (0.482) 3.66 (0.576) 0.511
BUN#12 (mg/dL) 14.2 (43) 14.8 4.1) 0371
Cr#12 (mg/dL) 0.74 (0.18) 0.83 0.22) 0.041
Alb#12 (g/dL) 4.08 (0.31) 4.21 (0.29) 0.016
Cholesterol#12 (mg/dL) 159.2 (30.3) 166.8 (354) 0.209
ALP#12 (IU/L) 98.95 (27.45) 87.60 (28.46) 0.024
Hb#12 (g/dL) 13.00 (1.26) 1343 (1.50) 0.086
n (%)
SEX
male 27 (23.5) 88 (76.5) Reference
female 17 (37.0) 29 (63.0) 1.911(0.914-3.996) 0.116
Socioeconomic status
high-income group 41 (27.7) 107 (72.3) Reference
low-income group 3 (23.1) 10 (79.6) 0.783 (0.205-2.989) 1.000%
HTN
Yes 20 (253) 59 (74.7) 0.819 (0.409-1.642) 0.600
No 24 (29.3) 58 (70.7) Reference
DM
Yes 8 (22.2) 28 (77.8) 0.706 (0.294-1.696) 0.527
No 36 (28.8) 89 (71.2) Reference
Type of operation
DG 35 (29.4) 84 (70.6) Reference
TG 3 (23.7) 10 (76.9) 0.720 (0.187-2.775) 0.766%
PG 3 (333) 6 (66.7) 1.200 (0.284-5.069) 1.000%
PPG 3 (15.0) 17 (85.0) 0424 (0.117-1.537) 0.278
Postop CTx
Yes 7 (21.9) 25 (78.1) 0.680(0.213-2.173) 0.596
No 37 (28.7) 92 (71.3) Reference
Stage
| 34 (27.6) 89 (72.4) Reference
Il 7 (333) 14 (66.7) 1.309 (0.487-3.521) 0.607
M1l 3 (17.6) 14 (824) 0.561 (0.152-2.075) 0.559t
Postop complication
Clavien-Dindo class < 2 40 (28.2) 102 (71.8) Reference
Clavien-Dindo class > 2 4 (21.1) 15 (78.9) 0.680 (0.213-2173) 0.596

*The number of patients diagnosed with osteoporosis 12 months after surgery

1P value for comparisons between two groups according to osteoporosis after gastrectomy

FFisher’s exact test was used

The data enclosed between parenthesis represents the intervals of confidence at 95%. #m: at # months after gastrectomy, Alb: albumin; BUN: blood urea nitrogen;
Cr: creatinine; Hb: hemoglobin; Ca: calcium; P: phosphorous; ALP: alkaline phosphatase; HTN: hypertension; DM: diabetes mellitus; DG: distal gastrectomy; TG: total
gastrectomy; PG: proximal gastrectomy; PPG: pylorus-preserving gastrectomy; CTx: chemotherapy

after gastrectomy found that the frequency of osteopo-
rosis peaked at 12 months post-surgery, with the over-
all rate decreasing over time [12]. This discrepancy may
be attributed to confounding factors, as patients in that

study were prescribed Ca and vitamin D supplements, as
well as osteoporosis medications.

Body weight and BMI are among the most important
factors associated with osteoporosis, and a low BMI is
listed as a risk factor for primary osteoporotic fractures
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Table 4 Multivariate logistic regression model from Tables 2 and

3
Variables Adjusted OR (95% Cl) P-value*
Preop
Age (years) 1.059 (1.020-1.098) 0.002
Preoperative weight (kg) 0.950 (0.914-0.987) 0.009
SEX
male 1
female 2322 (1.138-4.739) 0.021
Preop Lab
Cr (mg/dL) 0.685 (0.100-4.693) 0.700
Alb (g/dL) 0.683 (0.209-2.238) 0.529
ALP (IU/L) 1.023 (1.006-1.040) 0.009
Postop#12m
Age (years) 1.067 (1.020-1.116) 0.005
bwti#12 (kg) 0.968 (0.920-1.019) 0213
Postop Lab
Ca#12 (mg/dL) 0357 (0.130-0.980) 0.046
Cr#12 (mg/dL) 0.021 (0.002-0.268) 0.003
Alb#12 (g/dL) 0.89 (0.150-5.268) 0.898
ALP#12 (IU/L) 1.017 (1.003-1.030) 0.014
Hb#12 (g/dL) 1.248 (0.893-1.744) 0.195

*P value for comparisons between two groups according to osteoporosis after
gastrectomy

The data enclosed between parenthesis represents the intervals of confidence
at 95%

#m: at # months after gastrectomy; BMI: body mass index; Alb: albumin;
BUN: blood urea nitrogen; Cr: creatinine; Hb: hemoglobin; Ca: calcium; P:
phosphorous; ALP: alkaline phosphatase

by the World Health Organization [29, 30]. In our study,
low preoperative body weight may be a predictor of an
increased likelihood of osteoporosis after gastric cancer
surgery. Therefore, maintaining a proper weight before
gastrectomy is crucial.

ALP has previously been studied as a marker of bone
formation; however, ALP alone cannot diagnose or pre-
dict osteoporosis, as other tissues, such as the liver and
intestines, also contain this enzyme [31]. Nevertheless,
several studies have shown that ALP is one of the risk
factors for osteoporosis after gastrectomy [10, 11]. In
addition to ALDP, further research is needed to determine
whether bone-specific alkaline phosphatase (BAP), type
1 collagen C-terminal telopeptide (CTX-1), and type 1
collagen cross-linked N-telopeptide (NTX-1) can serve
as predictive factors for osteoporosis after gastrectomy in
gastric cancer patients.

When gastrectomy is performed, some or all gastric
functions are lost, and the possibility of bypassing the
duodenum arises. Since calcium is primarily absorbed in
the duodenum, rapid food passage and duodenal bypass
due to gastrectomy result in reduced calcium absorption
[32]. Furthermore, decreased gastric acidity after gas-
trectomy may impair calcium absorption in the intestine
[8]. Some studies have demonstrated that failure to pass
through the duodenum leads to a significantly higher
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ratio of 1,25-OH vitamin D to 25-OH vitamin D and sig-
nificantly lower serum 25-OH vitamin D levels in patients
undergoing total gastrectomy [33, 34]. In our study, mul-
tivariate analysis at 12 months post-gastrectomy revealed
that low serum calcium was a risk factor for the develop-
ment of osteoporosis. However, since calcium and vita-
min D supplements are routinely prescribed according to
protocol, there may be confounding factors.

In our study, patients’ medical security type was uti-
lized to determine the risk of osteoporosis, aiming to
elucidate any potential relationship with socioeconomic
status. As a result of the analysis, there was no significant
difference between patients in the medical benefits and
patients in the insurrection system (P=0.038; OR: 1.529,
95% CI: 0.590-3.964). This finding may be attributed to
the fact that Korea is a developed country where access
to nutrition and healthcare resources is relatively easy for
all citizens, regardless of their socioeconomic status.

According to Huh et al,, BMD is positively correlated
with serum Cr in individuals with normal renal func-
tion [35]. Since this study also excluded patients with
renal dysfunction requiring dialysis, lower serum Cr lev-
els are more likely to be associated with osteoporosis,
which is characterized by low BMD. Sarcopenia has also
been identified as a risk factor for osteoporosis in previ-
ous studies [36]. Because serum Cr levels, derived from
skeletal muscle, remain constant when renal function is
normal, it is believed that serum creatinine is related to
osteoporosis.

There are currently no clear guidelines for the manage-
ment of osteoporosis following gastrectomy for gastric
cancer. A 2003 report from the American Gastroentero-
logical Association, based on patients with peptic ulcer
disease, recommended follow-up DXA scans in patients
10 years after gastrectomy, as well as in postmenopausal
women and men over 50 years of age [7]. However, it may
be difficult to apply these recommendations directly to
gastric cancer patients, who are often older than peptic
ulcer patients, and who may have additional factors such
as adjuvant chemotherapy. Additionally, in 2021, Park
et al. developed a nomogram to predict osteoporosis in
gastric cancer patients after gastrectomy, recommend-
ing DXA screening for high-risk patients within 6 or 12
months after surgery to facilitate early treatment [12].
Our study provides a foundational analysis of risk factors
for predicting the likelihood of osteoporosis, using post-
operative follow-up data in gastric cancer patients after
gastrectomy.

This study has several limitations. First, while several
factors that could affect osteoporosis were considered,
due to the retrospective nature of the study, not all fac-
tors—such as diet, externally prescribed supplements,
and unrecorded fractures—could be accounted for.
Second, the study was conducted on a relatively small
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number of subjects at a single institution, which may have
introduced selection bias. Third, not all patients under-
went DXA imaging at set intervals. Although annual
imaging was recommended, follow-up depended on the
patient’s consent and test results. Fourth, there is no data
on DXA performed before gastrectomy, making it diffi-
cult to determine the prevalence of osteoporosis and the
baseline T-score before surgery. Lastly, while the P-value
is significant at less than 0.05, there are cases where statis-
tical power is insufficient. To address this, additional stud-
ies involving a larger number of patients are needed, and
prospective studies are preferred over retrospective ones.

Conclusions

Osteoporosis peaked at 36 months after gastrectomy in
gastric cancer patients, despite calcium and vitamin D
supplements being prescribed to 157 patients (83.1%)
for an average of 32.4 months postoperatively. Age, body
weight, sex, serum Ca, Cr, and ALP were associated with
osteoporosis during the perioperative period. Socio-
economic status was not associated with osteoporosis
after gastrectomy. The results of this study may suggest
the necessity for early prescription of calcium and vita-
min D supplements after radical gastrectomy, though
this should be confirmed by a well-designed prospective
study.
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